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Biochip® A# E2& Chipdel wE3id
Qb= AESAR] ARE oA A& /3
2l A P WSS zank i AolM #8 7
2‘5‘?.’ she ETE Aol ¥ 4 ot B e
A FAZE Ao HiREE 3]
process% AR ARG ge] el A
off Alo Ml 7[%5E EFEAL AIEE HUE
implant chipZb] 38 & it B 7]31fjA]
= Biochipg A W 7idoz F§ksie] AL
szt g

Biochip2 A 3HE§ e 4 ok 3R

= Microarray® fre] & 1A e DNA,
Protemﬂr 72 biomoleculeo] 1A, wA| wj
Axlo] Qe Aoz A AN FE
g}, 2R/ Microflidics? (B

—-7L<

A

=1

FE olfx

X Lab-on-a-

DNA Chip

N
CRra sl

Chip) & microchannel ¢l A& /3183 44

Zolu} reagent?t ©1E3lo] Yol W 12
3 B4E 7heA ke 4F0) device WE9) H
ojth. ARz ¢l Jidel x3ho] o}z;mur 7HL~"
o £t 1#%t 71E} biochipe® e & 9

A
k. 2 7159 DNA Microarrayzh %‘ T
= DNA Chipal fiste A2 205 &
1A} g

II. DNA ChipO|&

rs

DNA Chipe}&(DNA Microarray) &%
g 22 A7) mARH (Fv HElEE)
ul el A} A} vl FAR 248 “W] 7
AZL Ao A&EA B §4d Ans 3

T ¥ dF9l high throughput ’IT;HX"

S Py

R

< 1y
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FAEtn & 4 Atk DNAE A9A9 2E A 33 e SRR A BAS ($3A} net-
2E g g o] Ao & 4 Qe working) ¥ohiEd] vh¢ F23 AEE I

o1A2 47 code(A,G, T,C 4702] base)d] =
o2 =of gltt. DNA Chipd ¥2]l& single
stranded DNA”} base(®7]) pairingS &3}
o] duplex® A3 =Hed 2™ 1D oW
base AE Tt z2Eli C= GSFFF FrAQ
(complementary) 2% 3= 4E o83}
o Q3 FAHRE dojule Hold. & =2
718 Yol sequence(B7I1ME)E ol single
stranded DNA %2}5-2 (probe DNA) A3
A Yol nAZE WiGANA T B
3= sample DNAZS (target DNA) 33
ZZANA E21FH sequence’l FEAQ Foilgt
target DNA7} £A =} (hybridization) ©]
= Yxle olx AR EEvtE BMFEeE
sample DNA°l digt AHE dohlle ol
23 1> 1 g2l A1 AlEE 1 = DNA
Chipe} AAZEolt).

L =E=0=)

p—.
o

S

=

II. DNA Chip8] 88

1. REA U oA

ene expression profiling)

7re] BE AEol= o 3-49)e] FLE A
A=7E Jed old fREe] A FAl
2% i (expression) HE Aol ol (FA
2} wgold FAA7t mRNASH T33o= A
Ao} 71%5g oA e dRFdE Teol i
£ B4), %4 (tissue), 7]% (organ) L AX
dhehd A (developmental stage) ol Welh 18]
o FojA A3 Z 2ol wE (o], HEFA, &
%37, stress, ¥ T) I FFe go| t=A 2
Fao}, £33 ) wEME 4 faae)
d Al s & dEe Ao g4 Qi F,
Z} SRR WE AEE 352 A FHA
Q1 2919 =37l o vty & F U

2 T
FHA weel mE e FHAe 7ise ¥

(248)

L 9

o] Av= He] Yjlo] HE FHAE Fohfle]
el Aget At & 2/1A%g 7FeA 3
Ak X7 2 2 e FR3 targets AF
A =k gy o|Re ARE R A&
A g 5 dE = 2 el A |l
glot} DNA Chipe] 2832024 o7& 7%
#A st @4 DNA Chipe #AFsiA 2 &
n, 13 AR A7E ke vholeE ATA
oA oju] FAA LH AFE AT HHUHY =
T2 A=A #Ae) DNA Chipsl 52 Al
78 o] 22 {AA W I (gene expression
profiling) DNA Chipe] & o|&1 3t}

A2 Bo] AN AHE} GAHTA LEEE
$HAE DNA ChipeZ Bl #Alsie] ®¥w
FEo g U = fAxtel HAAAEA AT 2
e A aEln GAEAT HEEE e
TEsle] E 5 olw o] e {AHAAE Fot o
7158 AFE 4= 9o (functional genomics)
olgA vz FAzR= Fa3% Aok tar-
geto] E & gt} T ¢ ol M= {3z}
levelollA] 27| Atte] 7igsln, Wl A& A
o g FAA levelolXe] T83% PRE A|F
oz xgua AA i 2ok 4 HEE
AT 4 At

¥ sh}e] dlE= toxicogenomics (543
3 Folz Alef3|Alol|A] EAdol Bet ATE
1 #217} levelold XsHE Rolrt. 1 FRtel
=B 978 ¥ o A FREFAE X F
Folr T FE Rl Fojdld 0 £EE &
Al =4 AFE s ok 2y
DNA Chipg o|&3l A 12 E4E& Fo
A fAR ] dEkde EAge R B} AEst
3 AAAQY 54 A7) 7 sl HIAH

2. RAX} 20| £ (mutation detection
2 genotyping)
DNA chip®] & t& 23 &-8& ok
Azt Wol A Hotoltk Human Genome
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Project®] 3= 4uhAdl QIte] DNA 97)
MEE 4% Aolgt ¥ F Ut AFH AT
o] zpo] & At} ALY Alele] Aolg YRR
= Alo] Tl 447] b8 (SNP, Single Nucleo-
tide Polymorphism) &2 Alge] ¢g7|¥d =
H 300~5007H9) |G7)vict shiy thE o)
£ Hola ok & U7 ko] FVIMEY Ro]
= AA 309 2o FVINE F <9 0.1~0.3%
7} & Zlojtt. o] Ael7t A, YR, AF 5&
AR AL FE Y F3 5 @y ik
W 7Fsde zlelg AWE & Ut dE B
ekt dEd fHAte] ol (et SNP)&
7H Abre] A4 z71el 44 DNA Chipe2
AAste] FF WHIFEAAE ANE E 5 9l
o o]zke SNP ZAAeldl| point mutationol
et HAE 7hssieh

& 3] F8.3 Hoks oFE 744 (phar-
macogenomics . SFERZAE) g FEolrt,
okEo] girtel BE" AR EE oFF target
HE FHAl ool e S FEo] A
Ae €4 gAY 542 FEsle] Hapgol
Uehe A92 oy 9F 9od® #A} 9l
ot kg Nt=E HAHAME AFES FHAE
OFEE g sl ¢e) a3 ¢ oknA
< U3 € Aot} o] Hok= oju] B 9
oF B =3 gelA] S FWEtn A+
£ 3t e Bofo|n 3F MHAAE & &
& Fof Hrd qbdsta vielel 2 oS B
£35H= &2l (Personalized Medicine) Al
)7t Zefstelet o ddct. o] e fAExE 3
AFE $18t] DNA Chipel AHEE ZlolH o]g
3 At Wo] HAEe7t 3% DNA Chip9
T8 AEE F43ieE d53ka ok

3. 7{gt

7|e} &8 Bolzi He) Ydle] HE 7y o
AT (54 degloh} vlo[z]x) o] HME &
ATk FUME o]u] zg HH<te] fdgle]
£ HPV (human papiloma virus) 744
o A kg He| el Hx HAot o] A

(249)

S HgTd Ui KA Folre] g 2
o] 7¥sehd, g FAAE sty dof o]
d i HEFE 7 AR did I
7Fs8l #FAAe] @/ F8-E AT & ey
2t 7 £ Heldt ¢ sEeihe st
it fote] 3-8o| olggr.

IV. DNA Chip Al

Biochip market2 200003 &4 $531mil-
lion° & FAEHY @ HHF AAE (compoun-
ded annual growth rate) 65%% Ad7ale],
2004390 < $3.3billion FEZ 433 A
o2 d&F3m v olF microarray wokRs
2000 €A A=A Biochip A% 5 2F 80% ©]
A& (F $450million) AL YEd o)
DNA Chip®3t ohget F9717]1 (3 A=),
laser scanner 5)% ¥l em 2004
ol $2.6billioneE F7istelel «ZHc)
(bioArray News, June 1, 2001)

V. DNA Chip technology overview

a#E %A DNA chip® 731 F 4
& FAsle] 2uE LA 7128] AAAQ) scheme

Chip Contents/
Fabrication Probe Design

Sample Assay
Preparation (hybridization)

i

&M

B Rt =
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@ Fluorescent Dye
~FITC (excitation: 494 emission: 518)
~Cy 3 (ex: 550 em: 570)
<Cy 5 (ex: 649 em: 670)

g 2

S A By FRKEA 1, 1™ D

1. Contents(application) A4 ¥ probe

design.

2 ou BHoz g AR AL AHst
i olo] ZA probe DNAE A%}, Probe
DNA9 &7+ A ¥ 7IKNZ cDNAS% oli-
gonucleotide (15-30 mer) & AH&-3t} o1& £
o fAx ¥dE A4E HE ve AF TR
cDNAZE (oligonucleotide™ AH-7}5) FH|s}
1 (of], human cDNA, mouse cDNA, yeast
cDNA), #4d2 #o] #4148 3o A2te] H¢-
BAst1ap 3= AR 2= oligonucleo-
tide (15-30mer) & At o|& A3t o
] bioinformatics? inpute] wl-$ F23h}

2. Chip fabrication(DNA immobilization)
o|zto] AAE probe DNAES 14| 7|3
(ofl, glass slide) 143} 2A& ot I Az
vhao AAZHH (photolithography), inkjet
2 microspotting ¥ 5 og 7IX7t e
d) o] R tstels FHolld Bt AR A

T

& 3|2

3. Sample preparation/Assay

At aAL dhe AE (o, 232 1))lA
DNA ¥ RNAE sl W dubdlo=w
olZ 7 E23t DNA MEe] o] Homg PCR
£ o]&3 TEE 3P o] HHolA TF FAE
sl WEo| HPEAZ tagging I} o]
A #1148 Sampleg HAxANA4 DNA Chip
o Z#i5o] hybridization*# A& 3+ 2t

& w3t} Assay ]2 2& primer exten-
sion HHoll} oligoligation assay (OLA)Z
S WAL Fe% WAloR ARRE T Qi

4. A= (readout or detection)

1) 33HA2]l ¥hd (Optical Method)

Az 71 ol e dEAQ Wloz (17l
204 Hi= uhe} o] ME HPEHS tagging
3] hybridization® AL 9o FE Hio]
o} FA) o] WhE tha 171e] 8% dyeE Ab
£33 EAl9 1719) laser scanners ©]8-3}
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ofot 3h= ©do] 9o confocal laser scan-

ner?] 7% dAEE it g9l DNA
Chipg ¢}= Alzlo] 5-10% AL Hi= Aol

glom, CCDE &t Waxw tha
gojzict.

=7t

2) A7) e A7) 3l HhY
Clinical Micro Sensor (CMS, &4 Moto-
rolaZ} Q14 A= 7] 38HAR1 W& Edto
hybridization® A& #HE&d WHE 7wst
gt} (USP 5824473, 6013459, 6063573) ©l<
target) DNA® electron doner

A XN B
T oy Z]f'é"‘é‘ EO]

probe (3=
JE& 3= ferrocene H7]
1. probe DNA¥E microelectroded] 73%}o]
hybridization ¥ AE ZAo|FH AE7t HE
= 9ot} #A Motorolas ©] HH4g o]
£ AAFS A Ho| HAgow FAE
t}. E3F DNA-DNAZ} hybridizationA] 237)
£ charge®] W3lE o|-&3l= MES HAE Wy
o] ATE FldYFolrt.

3) kel WizlE RBAjsh= g,

DNAS®} DNA7} hybridizationA] A7) 2
o] WHslE HAEshe WAk dFolt oA
NerE o= vt ohet ASHEARQ) assay Rl
primer extension assay 4% (Mass Exten-
sion) o] €3te] 42 Foll wet primer?t A
7 producte] Aoyt €t e ALY
(MALDI TOF MASS SPECTROMETER)
AMEEle] HAzE WolE EAMEHE & Se-
quenomAP7t 7idERRATE

=

=

4) 7]e}

7l Aoz = ¥F E2 4l nanopar-
ticle® ©]-£3l] target DNAS ¥X] stA
EA 42 22 radio transmitter tagE ©|
L= I E g Ao

5. Data Analysis

olollx] 2o}A raw data (o, optical image)

(251)

£ AFgsla o) 9| = FHE vpite 7}
o] data analysis F+-°]t}. ©] ZH$ datas]
normalizationoll thet 20| T3 issued
9] 3l}ol data ¥4 algorithm A% wl$-
F83T T Qlok o] FEE A A
o] w9 & dEg stu Jem AE HrdE

(bioinformatics) w4 b= 83 topic
0|7 % &},

VI. DNA Chip Fabrication

DNA Chip& Y=+ processc ZA F 7}
Az Y 5 ) dul= probe DNASS ¥
oA mlg] THEo] o]F A x|l 1AFHA|
715 delivery 43 713 $9lA combina-
torial ¥l o 2 AHsF ¢x|o| Y= probeE
M3l Y= in-situ synthesis W2}e} gtk
olof thdt HlwE <FE 1ol el ok =3
DNA Chipg probe DNA2] ZFFo uwe}
cDNA Chip¥# oligonucleotide Chip2 2 1}
T gt Aas fA Bd8o2E cDNA
Chip#} oligo Chip & t} AHE 7Fs3h} {2}
ol Z{ME0 2= oligo Chiptt AHE 7Fs38fct,

3 3& == technology ¥Z i8]

B (19 33wk

(1) Photolithography

(2) Microspotting

(3) Inkjet printing

(4) Electronic addressing

(5) Bead arrays 71&}

olF WEXQ 47FA] whalE H|wspd ol
age gt g2 %3 bead arraye 71E9)
s}glollA] 2= Combichem ¥4& &3k 7
o7 Fugg wholzt & 4 dti(Illumina-
www.illumina.com, Lynx-www.lynxgen.com
#zx)
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DNA Chip

{E 1> DNA Chip A%} process H|i

Delivery Process

In-situ synthesis Process

yEy 7le Microspotting, Inkjetting Photolithography, Inkjetting
7Vt . oligos (photolithography)
probe & cDNA, oligos c¢DNA, oligos(Inkjetting)

probe oligo#| 2} v} serial

combinatorial

probe A w2 standard 23]

A Y M Qs

A3 e

3% 3 7k

Pl
°F (Microspotting) (Photolithography)
=4 EE 7 I b e B3 37
Aoplicati Gene expression Gene expression
pplications L1z} Wo| A} A2} Hol AAY
HEAel BA} Incyte,‘ Aff.ymetrlx (.photolltho)
Cartesian Agilent (Inkjet)
]
- L T
Hoht A
e v + Aflymetrix
* density : 240,000 probe / cm?
Mi;:rmpotting Vf‘
.’.,‘3.“.’2 ';1?,.‘? * Incyte, Hyseq,

i D:Iiwu Gﬁ oo Li _—
¥y O™y ™,y fe
H i H

ressing

DNA

- ~ Etectric add
r_’ DNA (’.‘ l

OFL FLELE
{33 3> DNA Chip

Vil. %} Z&t3} DNA Chip

=

dA DNA Chip #opllA XA5FE dga ¢
+ Affymetrixs= WHEAOA ARRERE 322t
& ol&3led 1UEe] DNA Chip A=xstn

(252)

Molecular Dynamics, etc
* density : 10,000 probe / an?

e Agilent, Protogene, etc
+ density : 50,000 probe / cm?

Microaray

H; .

* Nanogen
* density : < 400 probe / an?

Azt 71g] vl

At (HAZ &A% HG-U1333 9 %$- 500,000
probes/cm?. T3 micromirrorg o83k
maskless photolithography®*I= DNA Chip
Azl AEET T}, o|go] 7|Ee] HxlEEt
oA ARREE 7]EEo] ufolo Foke} HEE o

A2E 7le AFE o] Ui gl Aol &

T

f



20024 3B EFIBREH $29%8 F£3%

et} DNA Chip®t A9 A a4 issue
2 Az}ps|ALe] S 7heFs| A E ) Skl

1. Detection =0} ¥ Lab-on-A-Chip

&AM 7HEFE) 1F3dE Al DNA Chipol
A AZo) B2 Z4E taggingdld laser scan-
ner® imageE %9l data® w43k 3
ol ¥ilo] 5 o]Fr} o] WL A g d
&2 oA 17}9] laser scanner® TRE 3laL
labeling dyeE AR&sljof gl st Ay 3]}
oA} (Motorola §) %7] 3}5H3 e <fsh
AE Wyo] AREET glov Hejde Ax
a8ln el density HollA oA e e
2|7} dot ek, AE FRI7he] uk-go A A7)
= (o, DNA®} DNA®| hybridization) A7]
A2l (charge) W3E 7#AsH= H71AQ0 A&
ol 7% g3 hybridizationA] A7)
A Hals 74X 7 dE YHE ARESH
hybridizationg ILZAERE ks Hol= F
83 AF-FokR dol At} ojW Fa% 1y 8

AR

o

=
al

o
o

npA]

Motorola® Biochip system (readerel +34F AAME- &

(253)
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A S HREA] RS AN BAEs
7RI 3 olgk wdE TRt Vsl & ue

5o} glth. DNA Chip #opiAx
8% 99L& FRAE BEolu).
A EE GAE AxR F szl e FHs
H)g] 29l WAl o g FAE HARSH whHe )
e AdAolA w9 g pr) & Biola) g
Ut E£3 &FF consumer product® T8
7HAl Ol BRiE ARt s Rels )
F8% Fiolgt & 4 vk a3 ofF 7]
FFo] AelE A2 gAY DNA Chip #op
Ao) F&Estel ARd FAYE FESlojob 3
H-Folgt st

T3 dAle= SAAAE (o, 9)) 94 DNAS A
A5t o]E PCR H#H2]o g FEsln o]2
HESAIA 1 ATE B4k AR les
a3 g}, gFe] @y WAL olg i3t
of 433ty 8 systemO & FL3H= Lab-on-
a-Chip #2jo=2 wdslgzt Azisnt. o)y 3
g A7 e A7|sEtY wWalo 2 s
12 o]ZE Al ke Sa% A aa Ve

o}

azEor &

Az Ao

y o oy

2. WX} A 3|Ale Hio|2F M F&

slol @ ol WA R AREAEE
S8 Hol e

47 sksrEal

Z

slow @A A2
Aaska gk, A%

pe

BO]—\:H o

o
=

ul
=

cartridge)
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#d IXE A npo|F FoplA 7 A
Z g1 & AR MotorolaE £ F
Motorola® tAIAE §AZR] P4509] /-7t
Holg HMsh= & N8l dA| reference
labolA HIZE Fo At} o] e HEWAlS
e-Sensorzh= Wl 7|k HE: WAS
o}l 8814rt. Nanogen] 7% electronic addre-
ssing WHE ol-&3}9d customer’} applica-
tiong definedh= WAlog AFS 7NLste]
platform % & 7i #Auistn ik, 19 o
9] Toshibadi = C8 XGRS 13 517
2 semiconductor-based chip& 7H&3skz U
on el Qe PEWAE A7 FEHEQ
wel How awxm vk Wik fEde) Ui
zel AAE)A Q] SiemensT Siemens Medi-
cal Systems(SMS) F-AollA H &3t venture
¢l November®?t ZESE tabletop DNA
Diagnostic system 7I'% A&E 2001d 11€
By &g}, o] systems AMZe] 4|, PCR,
hybridization 28l #&& E¥3l= system
Merg Bxsla 9lon 7] shehARl ey

2 Agake o deia At
VI W=

21Col 7V &% W FofE FeohA IT
(Information Technology), BT (Biotech-
nology), 18] NT (Nanotechnology) & &
Itk a3 o] A Bobella] &3 de] dA)
= gofta i e T §E 7453 FHegt
71t dA ARRE2 ¢l DNA Chip= 1
A Aoz giFFo] Fa7lde o83t ¥4
> FAAE S AEE o83 W eR
158%] ¢ltl. DNA Chip okl E=2 of9}
2 7&e §dLel HLE F QT ofdH
Fololn] g & B 1l Qo) A£F Dominant
Designo] U2 & o «d&dn. =3

X

2 ]

(254)

MEMS (micro Electromechanical system)
713 A" Lab-on-A-Chip(LOC)7 &%
FEsle] 3 ol ololr] & 4 glom MRy
= T Z4% 183 B FRY

, A AT AA T o wEke B
E 4= 9Jt}. DNA Chipel &% Achg
consumer product® AREEH AS AT
u$- Axglet AztE]e, o] FopollA A
9] W7} (E3] contents, AZWH, A&
) DNA Chip #°}2] =7} 248 x| uf
%83 A2 shAct

3

% By

A= Qe ooft Lo

2 K

}_

A
2
bl

B e )

s

17

=
(]
[o3
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(1) Ekins R. and Chu F. W. Microarrays :
their origins and applications. Trends
in Biotechnolology, 1999, 17, 217-218.
Nature Genetics published a special
issue (Vol 21, No. 1, January 1999
Supplement), The Chipping Forecast.

(2

It’s a collection of more than 10
reviews (60 pages) on different aspects
of microarray analysis. All the reviews
are freely available online.
[3) Schena, M. Microarray Biochip Tech-
nology, Eaton Publishing (2000)
bioArray News vol. 1, no. 1(June 1,
2001) -The global weekly of Biochips
and Micoarrays (8l] 23] Al thsh
A3 microarray@d F8 3t s
A&)
Hirschhorn JN, Sklar P, Lindblad-
Toh K, Lim YM, Ruiz-Gutierrez M,
Bolk S, Langhorst B, Schaffner S,
Winchester E, Lander ES, SBE-TAGS !

an array-based method for efficient

(4]

(5

single-nucleotide polymorphism geno-
typing. Proc Natl Acad Sci U. S. A. 97,
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(63

(7

(8)

9

12164-9(2000)

M. Cuzin, DNA Chips . a new tool for
genetic analysis and diagnostics, Tran-
sfus Clin. Bio., 8, 291-6(2001)

J. Wang, Survey and Summary From
DNA biosensors to gene chips. Nucleic
Acids Research, 28, 3011-3016(2000)
Ann-Christine Syvanen, From Gels to
Chip : “Minisequencing” Primer Exten-
sion for Analysis of Point Mutations
and Single Nucleotide Polymorphisms,
Human Mutation 13, 1-10(1999)

2] g E°] link Ho A+ website-
http://weh06.unitel.co.kr : 8080/nrl/src/
nrl_bio_detail.html

(10) DNA Chip ¥4 9 3 b

1) Affymetrix (www.affymetrix.com):
@l A13F2] leader, photolithography

2) Agilent{www.agilent.com) . Inkjet
technology

3) Clontech(www.Clontech.com) :

4) Genomic Solutions(www.genomic-
solutions.com) . GeneMap preprin-
ted ¢cDNA microarrays

5) Incyte (www.incyte.com): 3] cDNA
ME F2}, ¥H= microarray AF9 £
7]

6) Motorola{www.motorola.com) .
8- A1 AY, hydrogel, inkjet, e-sen-
sor biochip

7) Nanogen {(www.nanogen.com). elec-
tronic addressing nanogen chip,
rapid hybridization, low density
chip

8) PerkinElmer Life Sciences(www.

(255)

perkinelmer.com) | low density Mi-
cromax cDNA Chip

9) Operon(www.operon.com) . Pre-
printed oligo OpArrays

10) Arradial (www.alexionpharm.com) :
Round arrays( Silicon microwells)

11) BioArray Solutions{www.bioarray-
solutions.com)  Programmable bead
arrays

12) Combimatrix (www.combimatix.com)
Array processor-Semiconductor chip
with 1,000 test sites or “virtual
flasks” for systhesis of DNA, RNA,
peptides, or small molecules.

13) Iflumina (www.illumina.com) : Bead
arrays-Beads are coated with hund-
reds of thousands of molecules from
a single gene and fluorescently
labeled

14) Interactiva (www.interactiva.com):
XNA arrays

15) Lynx{www.lynxgen.com) . Micro-
beads . Megaclone technology sorts
millions of DNA molecules accord-
ing to sequence.

16) Nimblegen {www.nimblegen.com) :
Micromirror arrays

17) Spectral Genomics(www.spectral-
genomics.com) | Chemistry-Proprie-
tary chemistry allows couping of
large fragments of nucleic acids to
untreated glass slides. Allows en-
tire BAC clones to be placed on a
chip.



28 DNA Chip

ISDASD]

= b 7E §B
f 195641 99 19204, 1988 109
} b} (Princeton University),
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